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Fig. 63. Fig. 64.

    Figs. 63 and 64 are photographs taken in tbe ease where the metal-
plate is pJaeed vertieally and the air fiow along the hot surfaee seems
to be continuous, however, sornetimes there appears a Iump fiowing
upward along the heated wall. Fig.64 shows the air fiow at the
upper end of the vertical surface due to eonvection.
   The thickness of the conduction layer is observed by Schlieren
met¥hod. When tihe temperature of the heated wall is low, tbe air
flow due to the heat convection can not be observed. In the range
in which the heat convection is not observed b.v Schlieren method,
the variation of the thickness of the eonduction layer ean be found:-
the thiekness of the conduetion layer inereases with the temperature
of the heat.ed surface. By raising the temperature over this range,
the air stream due to the heat convection appears gradua]ly in the
cooling medium and then the conduction layer becomes narrow with
the increase of the flowing speed of the heat eonvection.

    Figs. 65 and 66 show the air fiows due to the beat conveetion
with reference to the surface of the met¥al cyljnder. The air flows
rise upward along both sides of tl)e cylinder and then meet at the
vertex of t¥he cylinder. If the cylinder rotates about its axis, the
conveeting flow is disturbed as shown in Fig. 67; one part of the
fiows goes in the direetion of rotation while the other part is blown
off.
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Fig. 67.

   Air flows along the inner surfaee of the metal eylinder whose
axis is kept horizontal, are shown in Fig. 68.

   Rising air is suspended at the lower part of the inner surface of
the ring fbr a moment and then rises upward forming a ]ump along
the side surfaees. Two air Iumps rising along the left and right of
the cireumferentia] surfaee, meet with each other at the vertex and
then a stationary edd>r current motion appears in the vertex.
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   Next the eoi]vections aJ:out tl)e e]ectrie rotatii]g niael)ine and the

apparatus in practieal use are observed. The pl)otcgraphs of the
nat,ural conyeetion (Fig.,7C') at tl]e vertex of tl]e cuter periphery of
the sma]1 direct current machine whicli is shown in Fig. 6'9 were tal<en.

If the eurvature of the outer shell is small or the surface is not
smooth, the photograph resembles the one shorvn in Fig. tt2 where
the metal plat,e is plaeed horizontally, but jf the curvature is ]arge,
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 heat convection is like that from the cylinderical surfaee
Fig.65. Convection at the neighbourhood of the pole is
Fig. 71 where a stagnation of uprising air flow appears at the
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   Next, the air flow motion is observed at the inner surface of the

                                '
fiow is similar to tbe one shossn in Fig, 73 which illustrate the air
fiow at the inner surfaee of the metal cylinder, although the inner

surfaee of maehine is not perfeetly

sirnilartothatofthemetaleylinder- ,
                        Lat rest condition on aeeount of the
&i./S,tlgar".sffe.8Ffzxtll'Ieglii,:tfi,tSvlilg,2ii9g,8dee// ,,,.,,,,,,,,,,,,,,,,,,'',,,,,, '',,''¥¥ii,,

inner surf'ace of a cylinder can be

ObSer
:fied6rder to test whether the r

heating of the periphery of the ¥
rotor is uniform or not, t,he arma-
ture ,is drawn out as shosvn in
Fig. 74 from the stator and its
winding is heated by the alternat-
ing current, passing through two
carbon eontactors placing at the
armature periphery. The cases of
unifbrm and the non-unifbrm heating
carbon contactors symmetrically or
periphery.

   0lt
tL ,i f? [llig

'

            Fig. 73.

    are obtained by placing two
non-symmetrically to the armature

,
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sponding to unifbrmly and
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(b) there appears a turhulent

   From these experimental
is the highest along the peripheral

   For example;-if the
is overheated, and the air

of the Sehlieren method,
change witb the rotatjng of tl)e rotor.

as shown in Fig. 76 (a) at

the stream line appears
the vertex is the spot overheated.
perature is the highest can
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 and (b) as shown in Fig. 75 are taken corre-

   non-uniformly heated eases. In the case
stream line at the vertex, but in the ease of

    stream.
     results, the spot where the temperature
        surface of the rotor can be detected.

  slot wjnding marked with (•~) in Fig.76
  flow at th,e periphery is inspeeted by means

   then the stream line at the vertex may
            If the turbulent stream appears
  any position and the rQtor is rotated unti!
as shown in Fig. 76(b), then at the moment

            Thus t,he spot where tl]e tem-
   be detected ea$ily.



Mathematical and Experimental Studies on the Temperature Rise 201
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Fig. 76.
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       (3) TEMPERATURE DISTRXBUTION IN THE
               OUTER COOLrNG MEDIUM.
   For seeking the temperatures in the cooling medium at every

distanee from the heating surfaee, they are measured with tl}e thermo-
eouple which js wound several times as a spiral and with the micro-
displacing apparatus Iike that in the sliding microscope.

                                                         .
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   'II]he results of the measurement are showi} in I]'igs. 77 and 78
referring to the horjzontal and vertical pla,nes respeetive]y. {l]empera-

ture distribution far from the horizontal p]ane is measured and shown

in IFig. 77 where the surfaee temperature is taken as a parameter in
this curve. The measurements ai:e made as far from the surface as
the temperature is stable.

   Cl]he conduetion !ayer which exists iii the range "vLThere the tem-

perature is stable and also the uprising turbulent flow where the
temperature is unstable in eonsequence of the replaeement o.f hot air
by the new eooling air are observed. In general, with the rise of the

temperature, the disturbance due to the air flow from outer eooling

medium is more vigorously. In I]'ig. 78 where the heated metal p]ate
is placed vertically, the curves of temperature distribution indicate no

irregularity or diseontinuity, anct the temperature decreases smoothly

to the room temperature with t.he distance from the plate. In general,

tlie air motien due to heat convection is parallel without any disturb-

anees. In this point the fiow is totally different from that of a hori-

zontal plane. If the temperature is measured at the end part, the
bounday.y condition m.ay have considerable influences. Therefore the
measurements are only performed at the central part of the heat,ing

surfaee. .    From the result of thjs experiment, it can be coneluded that¥ the

temperature distribution in the cooling medium is generally expressed

by a curve resembling the exponentjal curve and the t¥hicl<ness of the

conduction fiIm is about 3tw4mm in maxitnum range from the ob-
servation by the Sehlieren method.

    If the temperature distribution due to the pure thermal conduc-
tion is expressed by the linear drooping curve, the difference between

the linear drooping eurve and tl}e curve obtained from the experi-
ments l2ke the exponential one, should be due to the heat dissipated

by the heat conveetion. From this consideration, it may be found
that the differenee of both curves is very little at the nejghbourhood
of the heated surface and the heat is. earried only a"7ay by the thermai

eonduction at the neighbourhood of the heated "Tall. [B'rom these
results, the heat from the surfaee is carried avsTay by the conduetion

or conveet¥ion in the range of distance 4tu5 mm in both cases where

theheatedmetalplatesareplacedhorizontallyandvertically. ,
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         (4) VELOCITY OF HEAT CONVECTION.
   It is well known that air dens.ity is reduced by heating and the
air rises up yielding the convecting flow at parts adjaeentj part to the
heated wall. The veloeity of the uprising air is very slow, so that
the flow¥ may be disturbed by introducing the apparatus or instrument
with which the velocity of air is measured. Therefore, the Sehlieren
method is suitable to measure the air veloeitv because this metl)od
                                         "does not disturb the phenomena of the heat conveetion, The metallic
surfaces to be tested are electrieally beated by inserting the r]ichrom
wire in tl)e baek part and the terr]perature is measured by the thermo-
couple (copper arid eonstantan).
    In the case where the heated surfaee is vertieal, the uprisjng air
flow may be laminated along the surfaces.¥ If a shock is given at the
lower part of the vertical surfaee for the purpose of making tlre im-
pulse, and if the time is measured with which the im})ulse passes
through two points whose distance is already meas'ured, the mean
veloeitsT of tihe fiow can be ealeulated from this measurement. The
shock " given at the lower part of the vertical plane, rises upward riding
on 'tbe continuous heat flow due to heat conveetion. The propagation
of the impulse is taken by kinematograph as shown in Fig. 79 and
the results of this experjment are shownin Fig. 60. Thevelocity due
to heat convection increases with the surfaee temperature and attains
to the saturated condition at about 600C.
    Tl)e experimental result with reference to the horizontal surface
is shown in Fig. 81 and the heat convection is started from t,he heated
surface perpendicularly in front of the turbulent stream due to the
di$turbanee from the outer eooljng air.

.

(1) (2) (3) (4)

Fig. 79.
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(5) (6) (7)
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    The turbulent fiow is unstable, beeause the supplied air replaces
the rising air fiow from the outer eircumference. The ve]oeity in-
creases very slightly vg'ith the temperature and the saturated velocity
is about 20cm/sec. the same as in the ease of the vertieal surface.
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    Fig, 82 represents the relation between
air along the peripheral surfaee and the
meta4 cylinder whose axis is
horizontal. Thjseur-veis simi]ar
totheoneobtainedbyusingthe g 20'
U?iZiZ8.2t,ftitfig.V8,r:ig.al,e¥La,:,e',g'e' S'tis. Ig

appears at the vertex of 'the t6.8ooes 8

                                •’ssca 4eylinder and the air fiows along
                                >o s 'pt
thesurfacesfrorntheleftand h                                 "                                      10right sides of the cylinder eome
aeross with eaeh other at t¥he
vertex. Itis remarkablethatthe
saturatedvelocityisthesame .
respectively in the three eases where the
horizontally, vertically or where the surfaee

    This can be explained from the
flows:-the fresh air is supplied to fill
by the uprising air of the heat conveetion,
Schlieren method. If the surfaee
speed of the uprising air becomes rapid
                       more aecelerated.
                              --i,---Ilitiii,,il il,
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        Fig. 83.
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  heat conveetion along
 also upon the thiekness
    Indeed it is observed
wall becomes thinner as

            tr

HEATED SURFACE.
is investigated and it is

 the surface temperature
    the increase 6f the
 tl}e cylinderieal surface
     depends on the dia-



206 M. Mori.'
meter of the eylinder; the Iess the diameter of the cy]inder becomes,
the larger the va]ue of Newton's constant becomes. Along with these
experirnental measurements, the existence and the variation of the
pure eonduetion layer adhering to the heated wall is observed. With
referenee to the pure thermal conduction layer, it is found that the
thickness of the layer is about 3---¥4mm at the maximum condition
and the temperature distribution in this layer is Iike to the exponen-

tial drooping curve. .
   From the experimental results, let us consider the heat diffusion
as follows.
             t
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   In the heated wall as shown in Fig, 84, denote the surfaee tem-
perature by To, the temperature in the eooling medium by T and
                                            OTthe thermal eonductivity by cr, then the produet cr                                                of the tempera-
tuije gradient aolxZi in the cooling medium and the thaeXrrnal conduetivity

a, expresses the quantity of the heat emission from the heated surface
per unit area.

   [I]herefore Newton's eonstant R is denoted by the formula

                                                    '                   R=-,rOT1. ,
                           ox To
                                                    '                                     '    Now, if the temperature distribution in the eooling medium is
assumed to be expressed by the linear drooping curve, then the mean
temperature gradient at the distance x from the heated wall may be
expressed as
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  (i) -d,-tt- T,O

where S shows the distanee from the heated wall, at whieh 'the tem-
perature ofthe eooling rnedium falls to the room temperature. There-
fore, Newton's constant can be deseribed;

  (,) R-,. lli'o ;,, =: g¥

                                                 '                     eFrom the above formula, it can be a6certained that Newton's constant
depends on the thiekness of the conduction layer S.
 . In order to manifest the cause, by whieh Newton's eonstant varies
with the surfaee temperature, the heat eonduction layer is observed by
means of the Schlieren inethod.
    As the results, it is eoneluded that the thiel<ness of the conduc-
tion !ayer S decreases with the rise of the surface temperature To and
reaches to some final value. Therefore it ean be expressed approxi-

  (3) S== IZi, [1+emct7b].

   Inserting (3) into fotmula (2), one obtains Newton's constant as
fo11ows:-

                  R T= g l=K[1-e'ctib]

where K is the saturated or the maximum value of Newton's eonstant
and a is the index referring to the degree of rjse of the exponential
eurve. Newton's eonstant given in the above formula has the saturated
character and coineides with the experimental results.
    The thermal eonductivity of air is taken to be

               a = O.681 •~10-4 ealorielcm, OC, see.

and its unit is transformed as

               a -- 4.2 •~ O.681 •~ 10-4 watt/cm, OC.

          'If the order of Newton's constant about the plane js assumed to have
the following value

               2== 10-3 wattlcm2, OC.
                      ,



then the thiekness of the conduetion laser may be gotten froin the
numerical ealeulation as following:---

. , s=rmcr=4.2xO.681•~10M`.k,o.3em.

The thickness 8 attains to about 3 mm and eoincides with the actual
experimental result.

    '                                                     '  (6) IHIEAT DIFFUSION FROM CYLINDRICAL SURFACE.
   Next the re]ation between Newton's constant and the surface
temperature of the cylindrical surface is investigated. Denote the
                 outer radius by o- and assume the axis to be jnfini-
                 tely long and the surface temperature to be at To
       pt. T{(1..3,,tc"Nkiiii;f:-'15k',,h.vaull./11iil.11"xl/'/lll`ll,k,1',5'tk'gg,,,e,:.#,lkS,i,'llts.11'/1?aSt#,g`i2/•’/,,il'krBfaljl

                 surfaee at radius g" may be obtained as follows

      ' 27roadelTo,q . ''
where c == thermal conductivity of the cooling medium,
       o¥ =:radial distance of the point to be eonsidered,
       T = temperature at the point to be considered,

Therefore, th6 heat emissien per unit ternperature and unit area i.e.,
Newton's eonstant can be written

                  2... .27r/2L dT cr .
                     27r?-o                          dr                              To

    If the temperature distribution in the eooling medium is assumed
to be represented by a straight line and o". to be the radial distance
of the point at which the temperature falls to the room temperature,
then the mean temperature gradient

                   clT- 7io la Te
                   cloq on.-ooo iSl
     '
wheTe S= 7',-o'o, Therefore Newton's constant may be represented
as foIlows:-
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                 2= cr[k" ;o ]'

   This foriinula denotes the heat diffusion, Newton's eonstant being
referred to the eylindrical surface. From this formula, it ean be
ascertained that Newton's eonstant depends not only upon the thick-
ness of the'conduction Iayer, but also upon the diameter of the heated
eylinder; Newton's eonstant is inx7ersely proportional to the diameter
of the heated cylinder. 'I]l]is caiculated result coineides with the
experimental one¥already shown in Fig.57. If the thickness of the
conduction layer is represented by the following formula referred to
the variation of the surface temperature To,

                  S== ft [1+e-ctib]

then the thickness of the conduetion layer is decreased with the rise
of the surfaee temperature. Newton's constant R may be represented

by the approximate formula ,
                  Rl= cr +K[1-e"'b].
                      o'o
This formula expresses the character of saturation with the surface
temperature.
    Now to t¥est whether the formula obtained from the consideration
about the conduction layer coineides with experimental result of the
heat diffusion fi'om the eylindrieal surfaee having various diameters,
the data of Newton's constant at about 500C in reference to tihe
eylindrieal suTface is tal<en as shown in Table V and the thermal
conductivity of the air in sueh values:-

                  a == 2.86 •~ 10-4 wattfcm, OC.

and if, inseTting the data in [I]able V into the for formula

Table V.

Diameter in cm. 1 Newton's const. at 500C.
    (wlem2, oc)

!

O.95

1.88

3.8

6.35

7.62
10.25

[

l

13.9 •~10-4
10.4 •~10-4

9.4 •~10-g

8.6 •~10-4
7,85•~10-4
7.5 •~lo-4
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the thicl<ness
be obtained.
Iayer is about

       k=[Ti}ny olo]

of the conduet¥ion layer is calculated,

It may be reiinarked that tihe thickness

 3.6 mrn independent of the diameter

              [Dable VI.

then Table'VI ean
of the conduction
of the cylinder.

?:o (eln)

f

  O.478

  O.94

  1.9
" 3,175

 3.81
  5.175

)./a

l
i
!

1
l
:

d

4.86

3.64

3.29

3.00

2.88

2.70

l/S

2.76

2.575

2.763

2.685

2.6175

2.63

S (mm)

3.63

3.86

3.61
3.62

3.81

3:73

   (7) RELATION BE[['WEEN SURFACE TEMPERATURE
       AND THICKNESS OF CONDUCTION LAYE]R.
   Next it js investigated why the thickness of the eonduetion layer
varies "rith the s.urfaee temperature. XVhen the apparatus for testing
the heat emission is inserted in the wind tunnel and Newton's
constant with variation of the wind velocity is measured, the relation
between NexNTton's constant aiid the wind velocity js obtained as shown
in the experimental result already described.
   These experimental data represent the variation of Newton's con-
stant obtained by using a {breed air flow at a velocity within the
range of IN5 meter/see. and the relation between the eurrent and
the veiocity, represents approximately a straight line. This experi-
mental curve is exterpolated up to the range of Ottw1 meter/sec. in
the veloeity and if this exterpolation is possible, Newton's constant
corresponding to the wind veloeity of 20cmlsec. can be found, The
wind velocity of 20 cmlsec. corresponds to the saturated speed due to
natural cQnvection and Newton's constant corresponds to its speed at

about 6rw7 •~ 10-4 wattlcm2, eC.
   [1]herefore this value of Newton's cQnstant should correspond to
the case where the veloeity of natural eonveetion alone exists. How-
ever, the value of Newton's constant obtained directly from the ex-
pei'imental measurement¥was about twice or thrice larger than those
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obtained by t]]e above exterpolation. The differenees of thetwo values
may be considered to be those corresponding to the effeet due to the
heat conduction. From this it is concluded that the heat conduction
exerts great influenee on the heat difftision from the surface.
   If the part adjacent to the heated wall is investigated by Sehlieren
met¥hod in the case where the tempeTature at the surface is very low,
then the eonduction layer can be observed to be thiel<er with inereasing
of surface temperature when the heat conveetion does not appear in
the cooling mediui:n. If the teinperature of the heated wall rises
beyond this range, then vigorous natural conveetion ean be observed.
In the range of surface temperature at which the heat convection
does not appear in the eooling medium, Newton's constant i[nust
decrease with the rising of the surfaee temperature ofthe heated wall,
because the conduction layer becomes thjcker with the rise of tem-
perature.
   If the heat conveetion is suppressed by means of evacuation or
foreed ventilation, the INewton's constant may show a deereasing
character with the rising of the surface temperature of the heated
wall. This decreasing charaeter might eseape our notice in the ex-
periment of the cooling medium of normal eondition, because natural
eonvection appear witih a slight rise of the surface temperature.
    In the case where t¥he natural convection appears iii the cooling
medium, the thicl<ness of the eonduction la/yer must deerease together
with the temperature rise of the heated surfaee. Consequently the
heat conduction may attain to the saturated state. Therefore it is
explained that Newton's constant, follows the uprising euTve siinilar
to the exponential curve.

    (8) CHARACTERISTICS OF HEAT DXFFUSION BY
       EVACUATXON AND FORCED VENTILATION.
    [1]he x'ariation of Newton's constant due to the surface temperature
depends on the characteristics of the heat diflinsion influe.nced by heat

conveet¥ion and conduction frorn the surface to the cooling medium.
    Next the characteristics of the pure heat conduction alone are
investigated. At the beginning an attempt is rnade to iind the eharae-
ter of the pure thermal conduction not infiuenced by heat convection.
The air in the eooling medium is evacuated jn order to suppress the
air eonvection. The experimental results in the evacuated xressel are
graphed in Fig.86. The curve in this figure shows that Newton's
constants take large value at the beginning and then decrease with

.
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menon is explained by the fact that the thiekness of the conduction
layer inereases with the rise of tl}e surfaee temperature.

                (9) SURFACECONDMON.
         '   For testing the variatjon of Newton's constant due to the surface
condition. The heated surfaee is painted with "selvet" from the
inarl<et as the simple eases and after making it dry, the experiment
is perfi)rmed. The result of the measurements is shown in Ngs. 88
and 89. The diflbrence between the painted and the non-painted
surface is expressed in Fig. 88 with reference to brass cylinders with
diameters O.95 cm and 1.88 cm respeetively.
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paint. From the results, it is fbund that the other colours: red, blue,
gray, yellow and ete., except white and black, take values between the
curves of the white and black.

           (10) CURVE OF 'IZ:`EMPERA.TURE RXSE.

   It is a ver:y essenLial problem to determine the curve of the tem-
perature rise of the eleetrie machine, fo]r the saturated temperature at
full load running is taken as the highest allowable temperature for
the materials constituting of the eleetric maehine and a very Iong time
is needed to find the saturated temperature of a large eleetric mac}iine.
Therefore the temperature rise curve at the range of under saturated
state or the equivalent saturated temperature from over-loading tbr a
short time is found from the experiment and the saturated temperature
ean be found only by extending the curve thus obtained up to the
saturated part.
   However, if the temperature of heated electrie machine in the
stationary state is givei}, as the power supply and the heat diffUsion
are constant, it is suffieient to determine the Newton's constant suit-
able fbr the external eondition.
   Newton's eonstant varies with the temperature of the heated sur-
faee and the surfaee condition. As INewton's constant xTaries with the
surfaee temperature even if the surface condition is 1<ept constant,
every point on the curve of temperature rise may be influeneed by
the variation of Newton's constant. If Newton's constant' is taken as
constant during the process of temperature rise at the surfaee, then
the eurve of temperature rise may fblloNNT the exponential curve under
the assumption of the eonstaney of heat supply. However, in praetiee,
the eurve obtained from the experiment is weli known not to fbllow
the exponential curve. Therefore, Newton's constant must be con-
sidered to be a funetion of the surface temperature.
   Newton's eonstant is expressed by the fbliowing formula,

  (1) z== Ro[1-e-ae],
where 2o =: maximum value of Newton's constant.
       e == surface temperature.

   ]For the tei:nperature rise of the heated body, the following equation

  (2) d,e,+sA. Re= ,9.,
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is obtained where

      }V == weight of heated body.
       A == surface area of heated bodv.
                                 U       Q=:consumed heat¥ loss. in watt assumed as constant.
       S = specific heat of heating material.

    Putting
                  SAU27,"=7io, A9,=0'

one can write (2) as

  (3) ddet + 7i,, [i-e-cte]o =: -IBzi-,-¥

   To gain the saturated temperature, put

             '                      (le                        =o                      dt '
then

  (4) s== [1-e-- cte]e,
   If i9t- is satisfied by the above for nula, the solution of (3) is

  (5) 'Svo-(Lige,-cte)e==lti,'

   By series integration, it foIlows-

              tt  (6) --;-,-=:-log,[1-(1-3ctG)e]

                   +(#)e--ae-{}nt(g)2+.........

   T}}e eurve of temperature rise e=f(t) rnay be obtainea by the
graphical i:nethod. At the beginning the eurve represented by the
term of the right hand of equation (6) is drawn as a funetion of the

                                        tvariable e, and also the curve represented by To as a funetion of t

is drawn. If the two curves thus obtained are eut by any horizontal
line and the values of e and t are found at the points of the two
curves at interseet¥ions by this horizontal line, then from such values
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of e and t, one ean obtain
IF"ig.90. In P'ig.90, two
the case where Newton's
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    M. Mori.

t¥he eurve of temperature rise as shown in
curves are represented; one corresponds to
constant is taken as R=const., the other
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                                              i            4321O 10 20 30 40 50 60                    dLe
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                          Fig. 90.

   As the eleetrjc maehines in praetical use are very complieated
and construeted of many l<inds of materials, the temperature rise may
not folloxNr the exponential curve, 'I}he curve R=l:const. is like the
one obtajned by Jehle and Osborn. They treated the curve of tem-
perature rise as the summation of the two kinds of the exponential
curve and explained the eomplieated ease of the praetieal maehine to
be eomposed of two kinds of heat capacities. I[Iowever, the tempera-
ture rise of the mael]ine or apparatus may i}ot follow the pure expo-
nential curve, even if the machine or apparatus is not composed of
comPlieated materials.
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                         cwsAwawwwme vxx,

                           scmawrAmeW.

      T"he heat flow in the armature of electric maehines has been
  classified into the radial and axial flows. The inner tei:nperature of
  the armatutre is calculated about the above t¥wo flows iRdependently.
      In chapter II, the writer has calculated the inner temperature in
  each part¥ of the armat,ure under the cot'isideration that the heat flow
  oecurs in the radial direetion a]one and he has investigated the mean
  temperature in the iron core and the fiuetuation of temperature eorre-
  sponding to the temperatures of slot and teeth which exerts effects
  on the iron core and the eoolipg surface. The temperatures of tihe
  teeth and iron core have been found by this calculatdion and the
  infiuenees of construction of teeth and jron eore on their temperature
  have been discussed,
      On the other hand, in chapter III on]y the axial temperature in
  referenee to the s]ot, teeth and iron core is treated and the tempera-
  tures of each part of the armature is obtained. From the calculation
  in the axial dii`eetion, the temperatures of every point of the armature
  is found in the eases of no-load and short-cireuit as special case$.
      Next in chapters IV and V are deseribed the precise investigation
  of the temperature in the slot winding. ]j"or his investigating the
  temperature in the slot, the writer's chapter IV may be consulted,, in
  whieh the current and field distribution using' the ealculated formula
  and the experimental results is discussed precisely. From this calcula-
  tion, the variation of eurrent dist¥ribution due to the type of slot, the

  arrangement of conductors and the frequeney of the souree is found.
  As to the type of slot; open, semi-open and totally enelosed slots,
  and as to the arrangement, the variation of the eurrent distribution
  due to the arrangement of the slot conduetor have been investigated.
  If there is a side elearanee (contained in the slot insulation) between
  the slot and collduetor, great influenee may be exerted upon the dis-
  tribution of current. In the case where the side elearanee was very
  small, it is enous,h to treat the distribution of the direet¥ion of y-axis

  as uniform, but in the ease where the side clearanee. was not small
' enough to be ne. glected, the distribut.ion of eurrent eould not be treated

  as unifbrm. Though the distribution of the heat loss in the slot could
  be found as the extension of this calculation, it was not eonvenient
  to treat the distribution of heat Ioss for the purpose of finding the

,
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temperature distribution in the slot. At the end of this chapter,
"Alternating current resistanee" is calculated about the single eon-
ductor and many conduetors iBserted into the slot. It is important
for the maehine iii practieal use to find tl)e over-heated point in the
slot winding at which the damage to the machine frequently oceurs.
[I]he temperature of the slot conductor has been treated in ehapter V,
being diseussed by using tl}e calculated formula dedueed from the
fundamental equation of heat conductjon. The inner temperature
from the thermal equilibrium in the outside and inside of the slot is
found in the case of loading and the effeets of the thermal constants
on the temperature distribution are discussed. 1"he temperature dis-
tribution for Ioading is expressed by the formula dedueed from the
fundament,al equation by using Green's potential funetion. From these
calculations, the maximum and the mpan temperatures are obtained,
and the position to be oceupied by the highest tetnperature is dis-
cussed, sinee it is the most essential problem in engineering. The
transference of the point of the hjghest temperature "ras diseussed
mainlyforvariousload. '
    In ehaptev VI, Newton's const¥ant was investigated and the mecha-
nism of heat diffusion from the eooling surfaee was diseussed. The
problem of surface cooling was eonsidered to be the final stage of the
heat fiow from the inner part of the armature into the outer cooling
med.ium. The following conelusions are obtained from the experi-
mental results:- 1) that Newton's eonstant beeomes larger with the
increase of the surface temperature and then attains to the saturated
value, 2) that the vertical plane is more favourable to cool the surfaee.
than the horizontal plane and 3) a]so that Newton's constant of the
cylindrjcal surfaee depends on its diameter.
    The heat disipation from the surfaee is earried out by heat con-
duetion, conveetjon and radiation, however the latter could be neglected

when the surface temperature js not too high. It is possible to make
the phenomena of heat eonduction and convection v' isjble by means of
the Schlieren method. Ii"rom a rather large number of observations
and photographs by means of the Schlieren method, the conduetion
layer and the conveetion fiow are deteeted and thus the speed of the
heat eonvection is ineasured. ']]he results of these experimental ob-
seTvations and photographs are eompared with those of an aetual
maehille. The periphery of the rotor of an electric maehine is heated
uniformly or non-uniformly and it is fbund by rneans of the Schlieren
method thatthere is an exceedjng difference between the uniform and
non-uniform heating. Frorn¥these t"aets, the over-heating point is
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detected on the periphery of the rotor and the method to detect the
position of the over-heating point on the periphery of the rotor is
found.
   The temperature distribution in the cooling medium was measured
and it was found that the tei]iperature in the cooling mediuin is
denoted a.pproximately by the exponential curve and there was more
or less differenee about the temperature distribution betvsTeen the
horizontal and vertieal planes. Fyom several experiments, it is aseer-
tained that the pure thermal conduetjon existed in t¥he layer 3tw4 mm
in thickness in the neighbourhood of the heating surface. From the
change of Newton's eonstant in the wind tunnel and t})e evacuated
vessel, it is eoncluded that the change of Ne"rton's constant depends
on the change of the layer in the pure thermal conduetion referring
to t]}e surface temperature. The saturated character of Newton's eon-
stant was explained in this chapter.
    Next, the curve of the temperature rise of an electrie machine
was discussed by using the ealeulated formula obtained by the varia-
tions of Newton's constant. Up to the present, the curve of tempera-
ture rise 1]as been expressed by the pure exponential funetion, but it
was found not suitable to the praetieal application. The new curve
of temperature rise ean be expressed by the formula obtained from
the author's theor:y of the variation of Newton's constant and this
curve may be most eflleient for practical application.
    At the end of this essay, the author wishes to express his thanl<s
to Prof. Y. Ii<EDA for his kind guidanee and encouragement and a]so
to express his thanl<s to ]Prof. 1]. S6MiyA for hjs valuable adviee in
regard to this essay. As the author's information about eleetric
machines was reeeived from the lectures of Prof. G. SHmfizu and
useful suggestions have been gained from his ]ecture, the autiior also
expresses thanl<s to Prof. G. SHmllzu.
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